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EXECUTIVE SUMMARY

Although analysts have conducted renewable energy (RE) and energy efficiency
(EE) industry studies and forecasts for more than the past three decades, no rigorous
definitions currently exist for either of these industries or for their current size, structure,
and composition. In 2007, ASES and MISI undertook the first comprehensive study of
the size the breadth of the RE and EE industries, and we thus created the standard
definition that provides comparability between data. Prior to our earlier work, the basic
knowledge of these industries was not well documented.

This report estimates and forecasts the RE&EE industries for the U.S. and
Colorado, and the major contributions of the research summarized here include:

. Development of a rigorous definition of the RE and the EE
industries

. Estimation of their current sizes and composition, including
technology, sales, jobs, occupations, and skills

o Forecasting their growth to 2030 under three scenarios

It is anticipated that these data will provide a foundation for subsequent analyses
conducted of the RE&EE industries.

The U.S. RE&EE Industries in 2007

We found that, in 2007, the U.S RE&EE industries generated $1,045 billion in
sales and created over 9 million jobs — including $10.3 billion in sales and over 91,000
jobs in Colorado. The U.S. RE&EE revenues represent substantially more than the
combined 2007 sales of the three largest U.S. corporations -- Wal-Mart, ExxonMobil,
and GM ($905 billion). RE&EE are growing faster than the U.S. average and contain
some of the most rapidly growing industries in the world, such as wind, photovoltaics,
fuel cells, recycling/remanufacturing, and biofuels. With appropriate federal and state
government policies, RE&EE could by 2030 generate over 37 million jobs per year in
the U.S. —including over 600,000 jobs in Colorado.

Tables EX-1 and EX-2 show the estimated 2007 sizes of the RE&EE industries in
the U.S. and in Colorado. In the U.S. for RE:

. RE gross revenues totaled nearly $43 billion and the number of
jobs created by RE exceeded 500,000
. Jobs created were disproportionately for scientific, technical,

professional and skilled workers, and more than 95 percent of the
jobs were in private industry

. Over 70 percent of the jobs were in the biomass sector — primarily
ethanol and biomass power, and the second largest number of jobs
was in the wind sector of the industry, followed by the geothermal
and photovoltaics sectors
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Table EX-1
Summary of the U.S. Renewable Energy and Energy Efficiency Industries in 2007

Industry Revenues Industry Jobs Total Jobs
(billions) (thousands) (thousands)
Renewable Energy $42.58 218 504
Energy Efficiency 1,002.92 3,745 8,586
TOTAL $1,045.50 3,963 9,090

Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

Table EX-2
Summary of the Colorado Renewable Energy
and Energy Efficiency Industries, 2007

Industry Revenues Industry Jobs Total Jobs
(millions)
Renewable Energy $1,082 4,415 10,075
Energy Efficiency 9,129 35,470 81,210
TOTAL $10,211 39,885 91,285

Source: Management Information Services, Inc. and American Solar Energy Society, 2008.

In the U.S. for EE:

. EE gross revenues totaled over $1 trillion and the number of jobs
created by EE totaled nearly 8.6 million

. More than 98 percent of the jobs were in private industry

. Over 36 percent of the jobs were generated by the recycling, reuse,

& remanufacturing sector, and the second largest number of jobs
was generated by the nondurable manufacturing sector, followed
by the miscellaneous durables manufacturing sector, and the
computers, printers, copiers, etc. sector

Growth of the U.S. RE&EE Industries, 2006 - 2007
Total RE industry revenues increased 8.7 percent, from $39.2 billion in 2006 to
$42.6 billion in 2007. Hydroelectric production decreased in 2007, and excluding the

hydroelectric sector, RE industry revenues increased 11.1 percent, from $35.2 billion to
$39.1 billion.
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However, in order to eliminate the effects of inflation, growth rates must be
compared in constant, real dollars. Converting the 2006 RE data to constant 2007
dollars indicates that, in real terms, total RE revenues increased 5.5 percent, from $40.4
billion in 2006 to $42.6 billion in 2007. Excluding the hydroelectric sector, RE industry
revenues increased 7.8 percent, from $36.3 billion to $39.1 billion.

The real growth rate of U.S. GDP between 2006 and 2007 was 2.19%. Thus,
including hydro, the RE industry grew more than twice as rapidly as the overall U.S.
economy; excluding hydro, the RE industry grew more than three times as fast as the
overall U.S. economy. Further, the biomass power sector is a significant part of the RE
industry, but it grew little between 2006 and 2007. Excluding both hydro and biomass
power, the U.S. RE industry grew 15.4 percent between 2006 and 2007 — more than
seven times as fast as the overall U.S. economy. Some sectors experienced very
substantial growth: Solar thermal grew more than 35 percent, Biodiesel grew 30
percent, Ethanol grew nearly 30 percent, Photovoltaics grew more than 25 percent.*

Total EE industry revenues increased 7.5 percent, from $933 billion in 2006 to
$1,003 billion in 2007. Converting the 2006 EE data to constant 2007 dollars indicates
that, in real terms, total EE revenues increased 4.4 percent, from $961 billion in 2006 to
$1,003 billion in 2007. The total number of jobs created by EE increased by more than
800,000. Thus, the U.S. EE industry between 2006 and 2007 grew about twice as
rapidly as the overall U.S. economy.

The Colorado RE&EE Industries in 2007

In Colorado, for RE:

. Gross revenues totaled nearly $1.1 billion
. The total number of jobs created totaled more than 10,000
. Jobs created were disproportionately for scientific, technical,

professional and skilled workers and about half of the jobs were in
private industry

. The largest number of jobs was in the Federal government sector
(primarily NREL), followed by the wind and ethanol sectors

In Colorado, for EE:

. Gross revenues totaled over $9 billion
. The total number of jobs created totaled more than 81,000
. The largest number of jobs was generated by the recycling, reuse,

& remanufacturing sector, and the second largest number of jobs
was generated by the miscellaneous durables manufacturing

YWhile the percentage growth figures are important, it should be noted that some of the most rapidly
growing RE sectors, such as PV, solar thermal, and biodiesel, are very small and even relatively modest
growth in total revenues will thus produce large percentage increases.
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In Colorado, for RE&EE:

o RE&EE accounted for more than $10 billion in revenues

o RE&EE generated over 91,000 jobs

o The EE sector in Colorado is more than eight times larger than the
RE sector

Thus, in Colorado RE&EE accounted for more than four percent of gross state
product and for more than three percent of total employment in the state

RE&EE in Colorado Compared to the Oil and Gas Sector

We compared the economic impact of the RE&EE sector to that of the Colorado
oil and gas (O&G) sector in the state. The comparative impacts of the sectors are
illustrated in Figure EX-1, which shows that, in terms of revenues, the O&G sector in
Colorado is more that 50 percent larger ($5.7 billion) than the EE&RE sector. However,
the RE&EE sector generates about 70 percent more jobs (39,000) than the O&G sector.
Thus, the RE&EE sector in Colorado generates, in total, more than 2.5 times as many
jobs per dollar of revenues as does the O&G sector in the state.

Figure EX-1
Comparative Economic and Jobs Impact in Colorado
of the RE&EE Sector and the O&G Sector

18 100,000
o @
14 + -+ 80,000
12 1
1 60,000
5
S
= 8 1
a 1 40,000
6 4
47 1 20,000
21
0 | 0
EE & RE Oil & Gas

O Revenues (left axis) & Jobs (right axis)

Source: Management Information Services, Inc. and American Solar Energy Society, 2008.
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Survey of Colorado RE&EE Companies

We examined a functional, technological, and geographic mix of RE&EE
companies in Colorado. The goal was to illustrate and describe the various RE&EE
firms in the state, the products and services they provide, the numbers and types of jobs
they offer, and other characteristics and to identify their concerns, priorities, and

opportunities. Our research revealed a wide range of firms, and they:

Are located throughout the state, in major urban centers, suburbs,
small towns, and rural areas.

Range in size from small firms of several employees to large firms
employing thousands -- although most of them are relatively small.
Employ workers at all levels of skills, from the most basic and
rudimentary to the very high skilled technical and professional
Include those whose market is local, those whose market is state
and regional, those who market is national, and those whose
market is international.

Are engaged a wide variety of activities, including design,
manufacturing, engineering, renovation, R&D, installation,
servicing, testing, monitoring, analysis, etc.

Require a wide variety of occupations, skills, education, training,
and experience

Include some of the most sophisticated, innovative, high-tech firms
in the state

Are faced with many of the same concerns, problems, and
opportunities as other firms in the state.

RE&EE Industry Forecasts

Three scenarios to 2030 were forecast for the U.S. and Colorado: The Base

Case, the Advanced Scenario, and the Moderate Scenario. The Base Case:

Is essentially a “business as usual” case scenario

Assumes no change in RE&EE policies

Assumes no major RE&EE initiatives over next 21 years.

Assumes that the U.S. and Colorado RE&EE industries continue to
develop according to the general trends and rates of growth
experienced over past two decades

The Moderate Scenario:

Assumes that various moderate, incremental (above the base case)
Federal and state RE&EE initiatives are put in place over next two
decades

Assumes policies such as R&D, tax incentives, RPS mandates,
externalities pricing, etc.
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Assumes a continuation of the positive policies that are in place,
plus market conditions favorable to RE&EE

Is based on various “mid-range” estimates, incorporating modest
initiatives

The Advanced Scenario:

“Pushes the envelope” on the RE&EE industry with current or
impending technologies

Requires favorable market conditions and a sustained commitment
of public policy to ensure that RE&EE achieves higher levels of
contribution to the U.S. energy market

Assumes RE&EE industries are available to take the U.S. in a new
direction, but that appropriate, aggressive public policies at Federal
and state levels are required and must be sustained over next two
decades

Represents a dramatic indication of what would be possible under
an aggressive renewable energy scenario

Includes what may be, realistically, feasible both economically
and technologically in such a “crash” scenario

The U.S. RE&EE Industries in 2030

Figures EX-2 and EX-3, and indicate that:

The scenario forecast results for the U.S. are summarized in Table EX-3 and

Table EX-3
U.S. Renewable Energy and Energy Efficiency Industries in 2030
Revenues Total Jobs Created
(Billions of 2007 Dollars) (Thousands
Base Case | Moderate | Aggressive Base Moderate | Aggressive
Scenario Scenario Case Scenario Scenario
RE $98 $212 $560 1,305 2,846 7,328
EE 1,868 2,036 3,734 14,953 16,658 29,878
Total $1,966 $2,248 $4,294 16,258 19,504 37,206

Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

In the base case: RE revenues increase 130 percent, from $42.6
billion to $98 billion; EE revenues increase 86 percent, from $1,003
billion to $1,868 billion

In the base case: Jobs created by RE increase 160 percent, from
504,000 to 1.3 million; jobs created by EE increase 75 percent,
from 8.6 million to 15 million
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. In the advanced scenario, RE revenues increase 1,200 percent,
from $42.6 billion to $560 billion; EE revenues increase 270
percent, from $1,003 billion to $3,734 billion

o In the advanced scenario: Jobs created by RE increase 1,300
percent, from 504,000 to 7.3 million (4.3 percent of total U.S. jobs);
jobs created by EE increase 250 percent, from 8.6 million to 30
million (17.5 percent of total U.S. jobs)

o Thus, under all scenarios RE growth is much larger than EE
growth; nevertheless, the economic and job impact of EE remains
orders of magnitude larger than that of RE

Figure EX-2
U.S. Jobs Created By Renewable Energy In 2030
(Total Jobs Created -- Selected Technologies)
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Source: Management Information Services, Inc. and American Solar Energy Society, 2007.

The Colorado RE&EE Industries in 2030
Analogous results for Colorado are summarized in Table EX-4 and Figures EX-3

through EX-6. This table and the figures illustrate that renewable energy and energy
efficiency offer significant development opportunities for Colorado:
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. Under the advanced scenario, in 2030: RE could generate
annually more than $13 billion in revenues and 113,000 jobs, and
EE could generate annually over $44 billion in revenues and
500,000 jobs.

o Employment growth in RE&EE varies among sectors: Growing
sectors include wind, photovoltaics, architecture and engineering,
R&D, energy service companies (ESCO), environmental
technologies, bio-fuels, power technologies, industrial processes,
distributed generation, computer controls and systems, HVAC
systems, and others.

o RE&EE creates a variety of high-paying jobs, many of which
require associate’s degrees, on-the-job training, or trade
certifications and which pay high wages.

. The vast majority of the jobs created by RE&EE are standard jobs
for accountants, engineers, computer analysts, clerks, factory
workers, truck drivers, mechanics, etc. and many of the persons
employed in these jobs may not even realize that they owe their
livelihood to renewable energy.

Figure EX-3
U.S. Jobs Created By Renewable Energy in 2030 Compared to 2007
(Total Jobs Created -- Selected Occupations)
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Source: Management Information Services, Inc. and American Solar Energy Society, 2008.
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Table EX-4
Summary of the Colorado Renewable Energy
and Energy Efficiency Industries in 2030

Revenues

(Billions of 2007 Dollars)

(Thousands

Total Jobs Created

Base Case

Moderate
Scenario

Advanced
Scenario

Base
Case

Moderate
Scenario

Advanced
Scenario

RE

$2,076

$3,811

$13,131

17,370

29,400

113,375

EE

17,681

20,479

44,345

174,810

208,620

499,550

Total

$24,290

$61,476

192,181

238,020

$19,657

612,925

Source: Management Information Services, Inc., 2008.

Figure EX-4
Total Jobs Created by RE in Colorado:
2007 Actual and in 2030 Under the Advanced Scenario
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Source : Management Information Services, Inc. and American Solar Energy Society, 2008.
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Figure EX-5
Total Jobs Created by EE in Colorado:
2007 Actual and in 2030 Under the Advanced Scenario
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Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

Figure EX-6
Colorado Jobs Created By RE&EE in 2030 Compared to 2007
(Total Jobs Created -- Selected Occupations)
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Implications
The research reported here is path-breaking in several respects:

. This is the first time that the RE&EE industries have been
rigorously specified and actual, comparable sales and employment
data derived for two years — 2006 and 2007.

. Second, the RE&EE industries have been disaggregated in detalil
by technology, sector, sub-industry, and jobs — total jobs and jobs
by occupation and skill.

. Finally, these data have been forecast to 2030 on the basis of
different scenarios relating to alternative government policies and
incentives.

This work represents a major contribution in demonstrating how important
RE&EE are to the U.S. and the Colorado economies and labor markets and provides
the industry specifications and benchmarks which can be used in all related studies
conducted subsequently. The research disaggregates the RE&RE industries into their
main components, such as wind, photovoltaics, biofuels, fuel cells, recycling/
remanufacturing, construction, electronics, vehicles, etc. = Revenues, jobs, and
occupational and skill requirements are estimated for each component and forecast to
2030.

Several important policy implications for Colorado emerge from this research.

First, the RE industry in the state is small and, except for the federal sector —
primarily NREL -- does not currently play a major role in the state economy or job
market. For example, in 2007, RE accounted for less than 0.6 percent of Colorado
gross state product and the total jobs created by RE accounted for only about 0.4
percent of total Colorado employment. Nevertheless, nationwide, Colorado is a
disproportionately large player in some RE technologies. For example, although
Colorado gross state product (GSP) accounts for only about 1.7 percent of U.S. GDP, in
2007 Colorado had about six percent of the U.S. wind market, nearly six percent of the
U.S. photovoltaics market, about five percent of the U.S. ethanol market, and about five
percent of the U.S. biodiesel market

Second, despite various proposals that have been made in recent years to use
RE as a job creation program for the disadvantaged, the chronically unemployed, or for
other target populations, this is simply not feasible at present in Colorado. Total
employment in Colorado is over 2.6 million and unemployment totals over 100,000. The
total number of jobs generated by RE (excluding NREL) is only about 4,600, and
employment in the RE industry (excluding NREL) is only about 2,000.

However, when EE is considered in conjunction with RE, the situation changes.

Combined, RE&EE created over 91,000 jobs in Colorado in 2007, nearly 40,000 of
which were employment in the industries. Both sectors — but especially RE — are
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forecast to grow more rapidly than the state economy as a whole: The current total of
about 91,000 jobs generated by RE&EE in Colorado may increase to over 600,000
within 20 years. This rapid growth of jobs from a large base of employment provides
both challenges and opportunities for Colorado labor, education, apprenticeship, and
job training programs over the coming decades.

Third, Colorado is well positioned to facilitate and to take advantage of rapid
growth in the RE&EE industries — especially compared to many other states. There are
numerous state government and private industry RE&EE initiatives that are already
underway. These types of industry and job creation initiatives combined with
educational initiatives, such as the recently announced School of Global Environmental
Sustainability at Colorado State University, and the presence of NREL should place
Colorado firmly in the forefront of the development and growth of the RE&EE sector for
the foreseeable future.

Fourth RE&EE represents an effective job creation mechanism. For example,
RE&EE creates, per dollar of expenditure, 3.5 times as many jobs as the oil and gas
sector in Colorado. RE&EE creates more than 8,600 jobs per billion dollar of
expenditure, whereas the O&G sector creates about 2,500 jobs per billion dollar of
expenditure.

Fifth, the longer the U.S. and Colorado delay implementing ambitious RE&EE
programs and incentives, the more difficult it will be to achieve the goals outlined here
for 2030. Every year’s delay at the front end, e.g., 2008, 2009, 2010, has a highly
disproportionate and negative impact on the achievement of the long term RE&EE 2030
goals. Time is of the essence, and time lost in the next several years will be very
difficult to make up. Thus to achieve the 2030 RE&EE goals, appropriate policies and
incentives must be implemented as soon as possible — at both the U.S. and the
Colorado state levels.

Finally, a goal of this project is to assist Colorado education professionals to
create programs that will facilitate the emerging RE&EE industry in the state. The major
finding that emerges is that education and training programs will have to be developed and
expanded in the near future to facilitate the anticipated growth of RE&EE. However, most
of these programs should, in the immediate future at least, focus on the EE sector simply
because there are about eight times as many EE jobs in the state as RE jobs. RE jobs will
increase in the future more in percentage terms, but the overwhelming number of jobs
created over the next two decades in the RE&EE sector in Colorado will be related to EE.

Of course, many of the RE&EE jobs, skills, and education and training
requirements overlap. For example, the largest number of jobs that will be created in the
RE&EE sector are related to energy efficient construction and green buildings, but green
buildings contain important elements of both RE&EE. Another example of RE&EE
overlap is the rapidly growing market for “Green IT” — which involves the use of
computer resources in an energy and environmentally efficient way. Green criteria
include energy efficiency, using low-emission building materials, recycling, using RE
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technologies, and other green strategies. It is thus clear that the jobs, skills, and
education and training requirements required for green buildings, green IT, and other
sectors and technologies contain important elements of both RE and EE.

Challenges and Opportunities

The challenge is to identify the types of jobs, skills, and education and training
requirements corresponding to the employment opportunities that will be created by
RE&EE in the coming decades. We here provide information that can assist the state’s
labor market and educational planners in identifying these opportunities. We have
identified over 160 detailed RE&EE occupational specialties and corresponding salaries
and education and training requirements. These illustrate that EE&RE currently, and
will increasingly in the future, create numerous job opportunities for workers in many
different sectors, at all education and skill levels, at a wide range of salaries.

For example, RE&EE will create numerous job opportunities for workers with only
an HSD/GED, such as (with corresponding salaries) solar energy system installer
($31,400), wind field technician ($25,900), and recycling center operator ($26,800). RE
&EE will create numerous job opportunities for workers with apprenticeship/TS
qualifications, such as solar systems designer ($47,100), HVAC engineer ($77,300),
and electrical system installer ($44,300). RE&EE will also create numerous job
opportunities for workers with Associate’s degrees, such as solar installation
engineering technician ($47,100), wind turbine technician ($35,100), and energy field
auditor ($24,000). Finally, RE&EE will create numerous job opportunities for workers
with a Bachelor's and advanced degrees, such as solar energy engineer ($71,300),
director of wind development ($138,000), weatherization operations manager ($80,000),
and energy trading specialist ($63,500).

The opportunity is that Colorado’s education and training programs can be
calibrated to address these emerging new energy economy jobs. This would prepare
hundreds of thousands of state residents for new jobs and viable long term career
opportunities in rapidly expanding RE&EE fields.

In sum, renewable energy and energy efficiency offer significant development
opportunities for Colorado:

. Under the advanced scenario, in 2030: RE could generate
annually over $13 billion in revenues and over 113,000 jobs, and
EE could generate annually nearly $44 billion in revenues and
500,000 jobs

o Employment growth in RE&EE varies among sectors: Growing
sectors include wind, architecture and engineering, R&D, ESCO,
solar thermal, photovoltaics, environmental technologies, bio-fuels,
power technologies, fuel cells, industrial processes, distributed
generation, computer controls and systems, HVAC systems, and
others
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. RE&EE create a variety of high-paying jobs, many of which take
advantage of Colorado’s educational system and workforce skills

o Colorado, with its rapidly expanding RE&EE programs and
infrastructure, can recruit RE&EE companies to take advantage of
its skilled workforces for wind turbine manufacturing, biofuels
production, green IT, fuel cell development, green buildings, etc.

. Wages in many RE&EE sectors are higher than the U.S. average,
and RE&EE requires a wide mix of occupations

. RE&EE occupations include many jobs that require associate’s
degrees, on-the-job training, or trade certifications and which pay
high wages

. Unlike some industries, RE&EE is a realistic target for job creation

in Colorado: State and local communities can build clusters around
industry sectors

. Many entrance points make the RE&EE market easier to penetrate
if Colorado can utilize its strengths in workforce, technology,
manufacturing, R&D, education, etc.

o The presence of NREL gives Colorado a unigue advantage in
developing the RE&EE sector, especially the sophisticated R&D-
oriented technologies and industries.

RE&EE can create new jobs in Colorado, and these industries generate skilled,
well-paying jobs, many of which are not subject to foreign outsourcing. RE&EE can
create jobs in two categories that Colorado is eager to attract and retain:

. College-educated professional workers, many with advanced
degrees
o Highly skilled, technical workers, with advanced training and

technical expertise, many of them in the manufacturing sector

RE&EE thus generate jobs that are disproportionately for highly skilled, well-paid,
technical and professional workers, who provide the foundation for entrepreneurship
and economic growth. These are the high-skilled, high-wage, technical and
professional jobs that all states and regions seek to attract.
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[. INTRODUCTION

Although analysts have conducted renewable energy (RE) and energy efficiency
(EE) industry studies and forecasts for more than the past three decades, no rigorous
definitions currently exist for either of these industries or for their current size, structure
and composition. In 2007, ASES and MISI undertook the first comprehensive study of
the size the breadth if the RE and EE industries, and we created the standard definition
that provides comparability between data. Prior to our earlier work, the basic
knowledge of these industries was not well documented. For example, many studies
have been conducted on the potential for specific components of the RE industry (e.g.,
wind, photovoltaics, biomass, and so on), and experts have established long-term
forecasts of the economic impacts of major proposed RE&EE initiatives and spending
programs. However, such analyses are of limited usefulness until we have a better idea
of the size and characteristics of the existing RE&EE industries. What does it mean to
say that “experts predict that the number of jobs in the industries will increase threefold
by 2015,” when we do not know what the current employment base is? What does it
mean to say that “implementation of a certain set of policy incentives will create X
thousands of RE&EE jobs by 2020” when we do not know how many jobs there were in
RE&EE in 20077

At present, there is not even a rigorous, generally agreed-upon definition of what
constitutes the RE&EE “industry.” Obviously, the industry includes technologies such
as wind energy, photovoltaics (PV), solar thermal energy, and biomass. But should all
hydropower technologies be included, even large, environmentally threatening
systems?  What about geothermal energy? Day-lighting?  Climate-responsive
buildings? Hydrogen?

One of the major contributions of this study is to develop a rigorous definition of
the RE and the EE industries, estimate their current size and composition, and forecast
their growth to 2030 for the U.S. and Colorado. It is anticipated that the findings
reported here will become the standard for future economic analyses of the RE&EE
industries at the national level and in Colorado. The report is organized as follows:

o Chapter Il discusses issues involved in defining and specifying the
renewable energy and the energy efficiency industries.
o Chapter Il specifies the U.S. renewable energy industry, develops

industry estimates for 2007, and compares these to the 2006
industry estimates.

o Chapter IV specifies the U.S. energy efficiency industry, develops
industry estimates for 2007, and compares these to the 2006
industry estimates.

o Chapter V summarizes the U.S. renewable energy and energy
efficiency industries in 2007.

o Chapter VI develops the renewable energy and energy efficiency
industries forecast scenarios for 2030.

o Chapter VIl presents the scenario forecast results for 2030.
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Chapter VIII describes the renewable energy and energy efficiency
industries in Colorado in 2007.

Chapter IX compares the RE&EE sector in Colorado with the oll
and gas sector in the state.

Chapter X presents the Colorado RE&EE forecasts to 2030.
Chapter XI discusses the implications for skills, training, and
educational requirements in Colorado.

Chapter Xl summarizes the policy implications derived.



II. ISSUES INVOLVED IN DEFINING AND SPECIFYING THE RENEWABLE
ENERGY AND THE ENERGY EFFICIENCY INDUSTRIES

IILA. Difficulties Encountered in Defining the Renewable Energy and Energy
Efficiency Industries

As noted earlier, despite the widespread interest in the size of the RE&EE
industries and the number of jobs involved, a rigorous definition of these industries had
never been attempted prior to our work in 2007. Precisely what is the “renewable
energy” or the “energy efficiency” industry? They obviously include a disparate
collection of technologies such as solar, wind, PV, biomass/bio-fuels, etc. However,
here we specify them to also include the following industries/technologies, among
others:

Hydro — small and large

Geothermal

Fuel cells

Hydrogen

Energy conservation and energy efficiency products

Electric and hybrid vehicles

Passive, solar/green, sustainable buildings, and energy-smart
design®

. Daylighting

The concept used here is appropriate for several reasons:

. Many renewable energy firms also offer energy efficiency and
conservation products and services. Distinguishing between the
RE and EE products, services, and sales of these firms would be
virtually impossible.

. RE and EE are closely related, share many of the same goals, and
are often offered as an integrated product. For example, solar
buildings have to be extremely energy efficient. Similarly, energy
efficient structures often incorporate RE elements and features.

. In some cases, there is no clear distinction between a “RE” product
and an “EE” product. Examples include passive solar design,
sustainable buildings, daylighting, etc.

. RE and EE are large and growing industries that require accepted
definitions for current and future economic researchers to follow.
. Finally, “RE and EE” is a much larger and more robust industry

than the RE industry.

'Energy smart design facilitates the efficient use of energy resources through intelligent building design
and the utilization of renewable energy and energy efficient building components and systems.
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Thus, the RE and EE industries include all aspects of the energy efficiency
industry, including energy efficient buildings, firms offering energy audits and energy
service contracts, and manufacturers, sellers, and installers of a wide array of energy
efficiency products and services. However, some difficult and complex decisions were
necessary in developing rigorous definitions. For example:

. Windows and doors, gas and oil furnaces, home appliances,
motors, etc. are offered at wide ranges of energy efficiencies — and
prices. How do we evaluate and allocate these? What constitutes
an “energy efficient” product? More “energy efficient” than what?
Ones that are more energy efficient than similar products currently
being offered? Or only ones that meet a current or future energy
standard?

. There are fine gradations of the energy efficiencies of many
products: Where is the dividing line between a product that is
“energy efficient” and one that is not?

. The new generation of many products is more energy efficient than
the previous generation. Where is the cutoff?
. Energy efficiency is currently a very powerful PR and marketing

strategy. Many things are advertised as being “energy efficient,”
and no one advertises their product as being “energy inefficient.”
Care had to be taken to sort through these claims.*

o Many electric and gas utilities offer renewable and energy efficiency
products and services. Should these be identified, quantified, and
included as part of the industry? If so, with some utilities it will be
very difficult to accurately segregate these services and products in
some markets

. Low-flow faucets, showerheads, and toilets conserve significant
amounts of water. In doing so, they indirectly reduce energy
requirements by reducing the amount of energy required to pump,
transport, and process water. Should water conservation products
be thus included in the definition of the RE and EE industry? Some
portion thereof?

. Hybrid vehicles are a part of the RE and EE industry, but how are
these to be disaggregated from the total operations of the
automobile manufacturers? If Toyota, GM, Ford, etc. have specific
factories dedicated to only these vehicles, this may be feasible. But
what about joint production lines or factories that produce a range
of vehicle types? What about the parts suppliers? What about all
of the automobile dealerships -- do we allocate a portion of their
sales to the RE and EE industry based on the portion of “fuel
efficient” vehicles they sell? Similar questions pertain to vehicle
repair and body shops. Do we allocate a portion of their sales to

'For example, several years ago MISI conducted an audit of the mandated RE & EE programs in New
Jersey for the New Jersey Board of Public Utilities. We found that some utilities in the state were
classifying natural gas fuel cells as “renewable.”
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the RE and EE industry based on the portion of “fuel efficient”
vehicles they service and repair? What about flex-fuel vehicles?
More generally, in our definition, we wanted to distinguish among
classes of vehicles on the basis of fuel efficiency. Obviously, a
Hummer getting 11 mpg is not fuel efficient, but a small vehicle
getting 35 mpg is. Is the latter part of the RE and EE industry? If
so, how do we quantify it?

To make the issue more complex, in our forecast scenarios we
hypothesized a very substantial increase in U.S. vehicle fuel
efficiency standards. In this scenario, we included vehicles at or
above certain fuel efficiency levels as part of the RE and EE
industry.

Wood burning stoves have increased rapidly in popularity and are
obviously a biomass heating option. However, outlets that sell
wood stoves also sell a wide variety of other products, such as gas
stoves, gas logs, decorative fireplace accessories, etc. that cannot
be classified as RE & EE. In addition, giant retail outlets such as
Wal-Mart and Lowe’s also sell wood stoves.

Many products can serve energy efficiency purposes, but can also
serve a variety of other purposes, and it is not always clear at the
point of sale what the intended purpose is. For example, caulking
products can be used for weather stripping, sealing windows and
doors, plugging air leaks, and other energy efficiency purposes.
However, they can also be used for a variety of other purposes.
Similar comments apply to various filters, valves, and many other
products.

It is relatively straightforward if the EE product exists as a distinct,
specified entity being solely produced at a specific plant, rather
than as one product out of many being produced at a plant. For
example, Venture Lighting, International specializes in energy
efficient metal halide lighting systems and thus, all of Venture
Lighting’s products can legitimately be classified within the EE
industry. However, what about a large GE facility that produces,
among other things, energy efficient light bulbs? And what is the
definition of an energy efficient light bulb? More efficient than
what?

Are all recycling, reuse, and remanufacturing activities part of the
RE and EE industry?

Another important point to keep in mind is that, while this specific study assesses
the RE&EE industries in Colorado, our definition had to be general enough to apply to
the whole RE and EE industry throughout the U.S. This is one of the main values of this
study and, in addition, we cannot have a different industry definition for each state.
Thus, some RE and EE options that may have little current market penetration in
Colorado, such as large hydro, solar thermal power plants, geothermal power plants,

etc. are nevertheless an integral part of our industry definition.
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Another major decision involved how we handled federal, state, and local
government, nonprofit, NGO, foundations, etc. Should the federal RE and EE R&D
activities be included as part of the RE and EE industry? Is NREL part of the industry?
What about all of the numerous (and rapidly growing) state and local government RE
and EE activities? What about all of the federal, state, and local government RE and
EE trade, professional, and interest groups? Are ASES, AWEA, SEIA, etc. part of the
RE and EE industry?

There may be some rationale for restricting the industry definition to primarily
private entities. However, this may not be desirable. First, it would exclude significant
and important public, NGO, and nonprofit activities. Second, it could lead to
contradictory results. For example, if PV panels are installed on a school by a private
company paid with public funds, then, under this definition, the installation activities
would be included in the industry definition. However, if the PV panels are installed on
a school by state or local government employees paid with public funds, then, under this
definition, the installation activities would not be included in the industry definition.

Thus, we had to decide on whether we wanted to measure the scale of activities
or expenditures or, rather, only those activities being conducted by private companies.

These are difficult, complex, and critical questions, for which there is no single
definitive answer. One of the major contributions of this project was the development of
a rigorous definition of the RE & EE industry, which will become the standard in terms of
any type of economic and job analysis of the industry conducted by researchers in the
future. In effect, ASES/MISI is here acting as the definer and “benchmarker” of the
industry as it evolves.

We also had to relate these industry and job categories to the North American
Industrial Classification System (NAICS) standard.’ EIA has made a start at this, but
cannot devote the resources required due to competing interests within DOE. ASES
covers some of the above list already, but we also had to deal with issues at the edges
of the definition. Since an early outcome is an acceptable industry definition, we
engaged professional and industry trade leadership in this “defining stage.” We
solicited the assistance of the key researchers and CEOs of the American Council for
an Energy Efficiency Economy, the Renewable Fuels Association, the Biomass
Coordinating Council, the American Wind Energy Association, the Solar Energy
Industries Association, the Geothermal Energy Association, the National Hydrogen
Association, and other relevant associations.

We utilized the following definitions of jobs within the RE and EE industries:
o A job in the RE industry consists of an employee working in one of

the major RE technologies included in this study - wind,
photovoltaics, solar thermal, hydroelectric power, geothermal

“www.census.gov/EPCD/www/NAICS.HTML.



biomass (ethanol, biodiesel, and biomass power), and fuel cells
and hydrogen. In addition, in this study, jobs in RE include persons
involved in RE activities in the federal, state, and local
governments, universities, trade and professional associations,
NGOs, consultants, investment company analysts, etc.

o A job in the EE industry consists of an employee working in a
sector that is entirely part of the EE industry, such as an ESCO or
the recycling, reuse, and remanufacturing sector. It also includes
some employees in industries in which only a portion of the output
is classified as within the EE sector, such as household appliances,
HVAC systems, construction, etc. Finally, in this study, jobs in EE
include persons involved in EE activities in the federal, state, and
local governments, universities, trade and professional
associations, NGOs, consultants, investment company analysts,
etc.

[I.B. What Constitutes a “Green” Job?

These issues can perhaps be better understood by focusing on RE and EE jobs.
For example, under the broad industry definition an employee working in a private RE
company or for an RE and EE advocacy organization would constitute a RE and EE job,
as would an employee of the federal or a state RE and EE agency. However, there are
ambiguities. For example, most people would agree that the positions in a firm that
assembles and installs solar thermal collectors on residences and commercial office
buildings for solar heating and solar hot water heating would be considered RE&EE
jobs. But what about the jobs involved in producing those solar panels, especially if the
factory involved used coal-based energy, one of the most controversial fossil fuels in
terms of emissions, especially greenhouse gases? Here, these manufacturing jobs will
likely be included as jobs created indirectly by RE and EE expenditures.

Over the past two decades, MISI has conducted extensive analyses of the
economic and jobs impacts of the environmental protection industry in the U.S. at the
national and state levels. Many of the issues faced in the current project are analogous
to those encountered in defining and estimating the impacts of environmental
protection. A review of these can thus be helpful; for example:

. Most analysts would consider jobs in a recycling plant to be
environmental jobs. But what if the recycling plant itself produces
air pollution?

. What about a firm in Colorado that produces emissions control

equipment for power plants in Utah? It seems clear that the jobs in
the Colorado company should be considered green or
environmental jobs, even though the user of the equipment in Utah
may cause pollution in Colorado.



. What about environmental engineers and environmental controls
specialists working in a coal-fired power plant? What about the
workers who produce environmental control equipment for the
plant?

There are many manufacturing establishments throughout the United States that
produce products for the automotive industry. Should those that produce components
for fuel-efficient vehicles be considered part of the environmental industry, but not those
that produce components for gas guzzlers? If so, is there any way to accurately
distinguish between these? Should all factories producing catalytic converters be
considered environmental jobs, even when some of these converters are used on low
miles-per-gallon vehicles?

These relevant questions have, in fact, been generated by shifts in environmental
policy itself. The early stages of the environmental movement in the 1970s and 1980s
focused primarily on "end-of-the pipe" solutions. That is, the remedies and controls
focused on cleaning or minimizing air, water, or solid waste pollutants after they had
been produced. However, more recently during the 1980s and 1990s, environmental
protection has gradually evolved to include entire processes, so, rather than cleaning up
at the end of the pipe, the entire manufacturing and servicing processes are being
designed to minimize the production of pollutants. Therefore, it is possible that very
efficient processes designed to produce relatively little waste output could actually result
in a decrease in the number of environmental jobs if these are defined strictly as “end of
the pipe” jobs. A widespread program of energy efficiency, energy conservation, and
demand-side management could ultimately result in less need for electric power to
begin with and could result in the shutting down of a coal-fired electric power plant.
While some may view such a shutdown as an environmental plus, many environmental
jobs in that power plant involving pollution abatement and control would be in this case
lost. Is this jobs loss desirable?

There is also the issue of how to take account of indirect job creation and how
broadly or narrowly to define an indirect environmental job. For example, what of
ancillary jobs created across the street from a factory producing solar collectors shortly
after it opens, such as a doughnut shop, fast food restaurant, dry cleaner, etc. whose
customers are primarily the workers at the renewable energy factory. Are these latter
jobs also considered to be “indirect” green jobs or environmental jobs? We include
such indirect jobs in the definition, although we also conclude they are not “as green” as
the direct jobs created.

While solid waste abatement and control is a major area of environmental
concern, does this imply that all persons engaged in trash collection business are
performing environmental jobs?

What part of the tourism industry constitutes “ecotourism,” and are all jobs
associated with ecotourism green jobs? Are then all the environmental externalities and



costs produced by tourists, such as transportation, water use, or waste, to be forgiven if
these tourists are engaged in ecotourism?

Are all land management programs and all forms of alternative energy green
industries, with all jobs counting as environmental jobs?

Definitions and Concepts MISI Used in Specifying the
Environmental Industry

Jobs can be considered to be “green” relative to the way the job was performed
previously, i.e., in a production process, a change in technology that reduces waste
emissions or energy consumption makes the jobs in that process “greener” than before.
Still, can these jobs continue to be counted as environmental jobs when newer
technology makes available ways of furthering green production, e.g., further reducing
energy consumption?

Two approaches can be used to address the relativity cited. The first approach
targets environmental jobs, which could be new jobs or the greening of existing jobs,
and defines a green job as one that emphasizes activities that contribute to
environmentally sustainable development. A second approach focuses on the economy
as a whole, defining a green economy as an economy that is environmentally
sustainable, and environmental jobs as those jobs required to make an economy
environmentally sustainable. Similarly, the term “environmental sector” is used to
collectively describe companies involved in businesses designed to limit negative
environmental impacts. However, this definition of green jobs as employment
opportunities arising from expenditures on activities that support environmentally
sustainable development, or which reduce negative impacts on the environment, also
presents ambiguities.

Therefore, based on extensive research and literature review, MISI considers
that environmental jobs are perhaps best understood when viewed in a continuum
across a spectrum, with jobs that generate obvious environmental resource degradation
or extraction at one end; a range of greener jobs involving clean production measures
and technologies to reduce environmental impacts in the center, and the other end of
the spectrum where jobs have a positive environmental impact (see Figure 111-1).

Using the spectrum concept, MISI defines environmental industries and green
jobs as those which, as a result of environmental pressures and concerns, have
produced the development of numerous products, processes, and services, which
specifically target the reduction of environmental impact. Environment-related jobs
include those created both directly and indirectly by environmental protection
expenditures.

Types of Jobs Created in the RE&EE Industry



There exists relatively little rigorous and comprehensive research addressing the
practical relationship between RE&EE and existing jobs or future job creation. Even
some research in this area sponsored by various organizations is off the mark, in that it
has tended to emphasize jobs creation in classically green activities, such as RE&EE
specialists or workers in recycling plants.

However, while these jobs certainly count as jobs related to RE&EE, MISI's data
suggests that theses types of jobs constitute only a small portion of the jobs created by
RE&EE. The vast majority of the jobs created by RE&EE are standard jobs for
accountants, engineers, computer analysts, clerks, factory workers, truck drivers,
mechanics, etc. In fact, most of the persons employed in these jobs may not even
realize that they owe their livelihood to RE&EE.

Figure II-1
The Environmental Job Spectrum by Industry
Coal mining
Aluminum extruding
Tire press operations
el ———
Railroads ”
:I Biologic technology
Recycling plants
Solar panel manufacturing
Environmental
engineering
<- lessgreen | moregreen ->

Source: Management Information Services, Inc., 2008.

lll. THE U.S. RENEWABLE ENERGY INDUSTRY
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In this study, renewable energy technologies are defined to consist primarily of*:

Hydroelectricity
Biomass

Geothermal

Wind

Photovoltaics

Solar thermal

Fuel Cells and hydrogen

Except for hydro and industry biomass, the RE U.S. energy contribution is small,
but is growing rapidly. Some RE technologies, such as ethanol, bio-diesel, and
biomass-to-liquids, produce liquid fuels that directly displace imported oil.

As shown in Figure llI-1, RE produced about seven percent of total U.S. energy
in 2007.

Figure llI-1
Renewable Energy in the U.S., 2007

Total = 101.605 Quadrillion Total = 6.830 Quadrillion Btu

Petroleum
40%

Solar Energy 1%

Nuclear Electric Hydroelectric 38%

Power

Geothermal

8% Renewable Energ'y' 5,

Energy
7%
Biomass 53%
Wind Energy 5%
Matural Gas coal
23%

22%

Source: U.S. Energy Information Administration, 2008.
lILA. Growth in the U.S. Renewable Energy Industry, 2006 - 2007

'Some RE applications contribute to both RE and EE. For example, in this study daylighting is implicitly
included in the energy efficient construction sector, and plug-in electric vehicles are a component of the
energy efficient vehicles sector.
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Renewable energy consumption in the U.S. declined about one percent between
2006 and 2007 to 6,830 trillion Btu. However, this decrease resulted from a 14 percent
decrease in hydroelectricity in 2007 due to reduced precipitation in several regions of
the country. In contrast, both total and nonrenewable energy consumption increased
two percent.

There was wide variation in the consumption of individual renewable energy
sources. As noted, hydroelectricity production declined 14 percent, whereas biomass-
based energy increased seven percent and wind-generated electricity increased 21
percent. Major increases in consumption of biomass for biofuels (ethanol and biodiesel)
were largely responsible for the increase in biomass during 2007.

From 2003 through 2007, renewable energy consumption's average annual
growth rate was three percent, compared with just one percent for total energy
consumption. Biofuels, wind, and photovoltaics were largely responsible for the
increase, with 5-year average annual growth rates in the range of 25 - 30 percent.

Just over half of renewable energy consumption occurred in the electric power
sector in 2007, while the industrial sector was the second-leading consumer of
renewable energy, accounting for nearly 30 percent. The transportation, residential,
and commercial sectors accounted for nine, eight, and two percent, respectively. While
the electric power sector currently consumes the most renewable energy (51 percent),
its use decreased eight percent between 2006 and 2007. In 2003, the electricity sector
accounted for 59 percent of total renewable energy consumption.

In contrast, transportation sector renewable energy consumption increased 30
percent during 2007, and residential sector consumption grew 12 percent. Residential
sector growth was due to significant increases in all three energy sources: Biomass,
geothermal, and solar/photovoltaic. Commercial and industrial uses of renewable
energy changed little between 2006 and 2007 and have also changed little as a fraction
of total renewable consumption since 2003. That could change for the industrial sector
if ethanol and biodiesel use continues to grow rapidly resulting in increased feedstock
consumption. This is especially significant in view of the fact that the largest biomass
fuel consumed in the industrial sector, wood and derived fuels, has grown little since
1989 and appears to have peaked in 1997.

Within the electric power sector, wind energy consumption has grown each year
since 1998. From 2003 to 2007, wind's share of total renewable energy consumption
increased from two percent to five percent. For the first time, wind energy consumption
in the electric power sector exceeded geothermal. Hydro electricity accounted for 36
percent of total renewable consumption in 2007, down from 46 percent in 2003.
However, hydro consumption is tied mostly to precipitation, which varies year to year,
and few plants are being built or retired.

Electricity generation from renewable sources decreased nine percent in 2007 to
351 billion kWh, largely due to reduced precipitation. Excluding hydro electricity,
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however, renewable electricity generation grew seven percent. This gain was led by a
21 percent increase in electricity from wind and moderate increases in electricity from
biomass waste. There has been little change in generation from the largest non-hydro
renewable electricity source, wood and derived fuels, since 2003.

With the exception of hydro, changes in renewable electricity capacity generally
reflected generation changes in 2007. Total renewable electricity capacity increased
five 107 MW, led by a 38 percent (or 4,000 MW) increase in wind capacity. Total
nonrenewable electric capacity rose just one percent, to 892,000 MW.
l1l.B. Revenues and Jobs

[1I.B.1. The Renewable Energy Industry in 2006

Table I1lI-1 summarizes the status of the U.S. renewable energy industry in 2006.
As shown in this table, in 2006:

. RE gross revenues totaled nearly $40 billion

o The total number of jobs created by RE totaled 450,000

o More than 90 percent of the jobs were in private industry

. Nearly 70 percent of the jobs were in the biomass sector — primarily
ethanol and biomass power

. The second largest number of jobs was in the wind sector of the
industry, followed by the hydroelectric and the geothermal sectors

) Relatively few jobs were in the solar thermal sector or the biodiesel
sector

. Over half of the RE jobs in government (federal, state, and local)
were R&D-oriented jobs at DOE laboratories

. RE contains some of the most rapidly growing industries in the

world, such as wind, photovoltaics, fuel cells, and biofuels

Table llI-1
The Renewable Energy Industry in the U.S., 2006
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Industry Segment Revenues/ | Industry Total Jobs
Budgets Jobs Created
(billions)?
Wind $3.0 16,000 36,800
Photovoltaics 1.0 6,800 15,700
Solar Thermal 0.1 800 1,900
Hydroelectric Power 4.0 8,000 19,000
Geothermal 2.0 9,000 21,000
Biomass
Ethanol 6.3 67,000 154,000
Biodiesel 0.3 2,750 6,300
Biomass Power 17.0 66,000 152,000
Fuel Cells 0.9 4,800 11,100
Hydrogen 0.8 4,000 9,200
Total, Private Industry 354 185,150 427,000
Federal Government 0.5 800° 1,850
DOE Laboratories 1.8 3,600° 8,300
State and Local Government 0.9 2,500 5,750
Total Government 3.2 6,900 15,870
Trade and Professional Associations and 0.6 1,500 3,450
NGOs
TOTAL, ALL SECTORS $39.2 193,550 446,320

42006 dollars
®Includes Federal employees and direct support contractors.
‘Includes Federal employees, laboratory employees, and direct support contractors.

Source : Management Information Services, Inc. and American Solar Energy Society, 2007.
l11.B.2. The Renewable Energy Industry in 2007

Table 11lI-2 summarizes the status of the U.S. renewable energy industry in 2007.
As shown in this table, in 2007:

RE gross revenues totaled nearly $43 billion

The total number of jobs created by RE exceeded 500,000

More than 95 percent of the jobs were in private industry

Over 70 percent of the jobs were in the biomass sector — primarily
ethanol and biomass power
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The second largest number of jobs was in the wind sector of the
industry, followed by the geothermal and photovoltaics sectors
There were relatively few jobs in the solar thermal sector or the
biodiesel sector

Over half of the RE jobs in government (federal, state, and local)
were R&D-oriented jobs at DOE laboratories

RE contains some of the most rapidly growing industries in the
world, such as wind, photovoltaics, fuel cells, and biofuels

Table 11l-2 indicates that in 2007 the components of the RE industry differed
markedly in terms of their importance in terms of both revenues and jobs. For example:

Biomass power accounted for 41 percent of total industry revenues
Ethanol accounted for 20 percent of total industry revenues
Hydroelectric power accounted for just over eight percent of total
industry revenues

Wind accounted for just under eight percent of total industry
revenues

Fuel cells and hydrogen combined accounted for about 4.5 percent
of total industry revenues

Private industry accounted for just over 90 percent of total RE
revenues.

In terms of total jobs created, the relative contributions of the RE sectors differ
somewhat from the relative contributions based on revenues. This is due to the fact
that different RE technologies and industries have considerably different job creation

effects. There are three salient examples of this:

Hydroelectric power generated 8.2 percent of RE revenues, and 3.6
percent of total RE jobs

Biomass power generated 41 percent of RE revenues, and 31
percent of total RE jobs

Ethanol generated 20 percent of RE revenues, and 39 percent of
total RE jobs

In all, private industry generated 90 percent of RE revenues, and 96 percent of
total RE jobs.

Table IlI-2
The Renewable Energy Industry in the U.S., 2007
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Industry Segment Revenues/ | Industry Total Jobs
Budgets Jobs Created
(billions)
Wind $3.3 17,300 39,600
Photovoltaics 1.3 8,700 19,800
Solar Thermal 0.14 1,300 3,100
Hydroelectric Power 3.5 7,500 18,000
Geothermal 2.1 10,100 23,200
Biomass
Ethanol 8.4 83,800 195,700
Biodiesel 0.4 3,200 7,300
Biomass Power 17.4 67,100 154,500
Fuel Cells 1.1 5,600 12,800
Hydrogen 0.81 4,100 9,400
Total, Private Industry 38.45 | 208,700 483,400
Federal Government 0.65 900* 2,100
DOE Laboratories 1.9 3,800** 8,700
State and Local Government 0.95 2,600 5,800
Total Government 3.5 7,300 16,600
Trade and Professional Associations and 0.63 1,600 3,500
NGOs
TOTAL, ALL SECTORS $42.58 217,600 503,500

*Includes Federal employees and direct support contractors.

**Includes Federal employees, laboratory employees, and direct support contractors.

Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

l11.B.3. Revenues and Jobs in the U.S. Renewable Energy Industry, 2006 -
2007

RE industry revenues increased 8.7 percent, from $39.2 billion in 2006 to $42.6
billion in 2007. As noted, hydroelectric production decreased in 2007. Excluding the
hydroelectric sector, RE industry revenues increased 11.1 percent, from $35.2 billion to
$39.1 billion.

However, in order to eliminate the effects of inflation, growth rates must be

compared in constant, real dollars. Converting the 2006 RE data to constant 2007
dollars indicates that, in real terms, total RE revenues increased 5.5 percent, from $40.4
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billion in 2006 to $42.6 billion in 2007. As noted, hydroelectric production decreased in
2007. Excluding the hydroelectric sector, RE industry revenues increased 7.8 percent,
from $36.3 billion to $39.1 billion.

The real growth rate of U.S. GDP between 2006 and 2007 was 2.19%. Thus,
including hydro, the RE industry grew more than twice as rapidly as the overall U.S.
economy; excluding hydro, the RE industry grew more than three times as fast as the
overall U.S. economy. Further, the biomass power sector is a significant part of the RE
industry, but it grew little between 2006 and 2007. Excluding both hydro and biomass
power, the U.S. RE industry grew 15.4 percent between 2006 and 2007 — more than
seven times as fast as the overall U.S. economy. As shown in Figure 1ll-2, some
sectors experienced very substantial growth:

Solar thermal grew more than 35 percent
Biodiesel grew 30 percent

Ethanol grew nearly 30 percent
Photovoltaics grew more than 25 percent

Figure I11-2
Increase in Real RE Revenues, 2006 - 2007
(Constant 2007 dollars)
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Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

As shown in Figure l1lI-2, the percent revenue increases in the different RE
sectors varied widely:
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o Some sectors, such as wind, PV, ethanol, and biodiesel grew very

rapidly.

o Some sectors, such as geothermal and biomass power grew
relatively little.*

o The hydro sector contracted.

While the percentage growth figures are important, it should be noted that some
of the most rapidly growing RE sectors, such as PV, solar thermal, and biodiesel, are
very small and even relatively modest growth in total revenues will thus produce large
percentage increases.

The dominant RE sectors sometimes differ from those that grow the most rapidly.
This is illustrated in Figure IlI-3, which shows the total number of jobs generated by the
RE sectors in 2007. Despite the differential growth rates of the sectors between 2006
and 2007, job creation is dominated by ethanol and biomass power, followed far behind
by wind, geothermal, photovoltaics, and hydro.

Figure 111-3
Total U.S. Jobs Generated by Renewable Energy Sectors in 2007
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Source : Management Information Services, Inc. and American Solar Energy Society, 2008.

As noted in Chapter Il, the vast majority of the jobs created by RE are standard
jobs for accountants, engineers, computer analysts, clerks, factory workers, truck
drivers, mechanics, etc., and most of the persons employed in these jobs may not even
realize that they owe their livelihood to renewable energy. This is illustrated in Table Ill-

Although biomass power is the largest RE sector in terms of revenues, its real revenue growth between
2006 and 2007 was negligible.
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3, which lists the jobs created by renewable energy in the U.S. in 2006 within selected
occupations. This table shows that in 2006 RE generated in the U.S.:

. More jobs for shipping and receiving clerks (2,210) than for
biochemists and biophysicists (1,580)

. More jobs for carpenters (780) than for environmental engineers
(630)

o More jobs for truck drivers (9,500) than for forest and conservation
workers (1,440)

° More jobs for janitors (3,610) than for environmental science
technicians (1,690)

. More jobs for bookkeeping clerks (8,228) than for civil engineers
(3,080)

. Mo